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(57)Abstract: 

PROBLEM TO BE SOLVED: To inhibit seizure of the magnesium alloy on 
the surface of a component for the injection molding of a magnesium alloy 
from occurring and also to prevent any wear of the surface of the 
component from being caused. 

SOLUTION: Examples of films each of which is useful as a coating film 1 of 
a component 3 for the injection molding of a magnesium alloy, are: a film 
consisting of diamond-like carbon; a film consisting of a nitride, carbide or 
carbide-nitride of at least one metal selected from titanium, aluminum, 
chromium and their alloys; and further, a film that consists of >70% (atomic 
percent) of diamond-like carbon and also contains at least one metal 
selected from titanium, aluminum, chromium and their alloys. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Covering film of the components for Magnesium alloy injection molding characterized by consisting of 
diamond-like carbon. 

[Claim 2] Covering film of the components for Magnesium alloy injection molding characterized by consisting of 
titanium, aluminum, chromium, or at least one nitride of these alloys. 

[Claim 3] Covering film of the components for Magnesium alloy injection molding characterized by consisting of 
titanium, aluminum, chromium, or at least one carbide of these alloys. 

[Claim 4] Covering film of the component for Magnesium alloy injection molding according to claim 3 characterized by 
said carbide being carbon nitride. 

[Claim 5] Covering film of the components for Magnesium alloy injection molding which diamond-like carbon has 70 
atom % at least, and are characterized by an inclusion being titanium, aluminum, chromium, or at least one metal of 
these alloys. 

[Claim 6] Covering film of the components for Magnesium alloy injection molding which diamond-like carbon has 70 
atom % at least, and are characterized by an inclusion being titanium, aluminum, chromium, or at least one nitride of 
these alloys. 

[Claim 7] Covering film of the components for Magnesium alloy injection molding which diamond-like carbon has 70 
atom % at least, and are characterized by an inclusion being titanium, aluminum, chromium, or at least one carbide of 
these alloys. 

[Claim 8] Covering film of the component for Magnesium alloy injection molding according to claim 7 characterized by 
said carbide being carbon nitride. 

[Claim 9] Covering film of the components for Magnesium alloy injection molding characterized by considering as the 
multilayer structure which combined the film of a publication with any 1 term of claims 1 -8 at least two or more. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the covering film of the components for carrying out the injection 
molding of the magnesium (Mg) alloy. The metal mold with which Mg alloy which melting or half- fused Mg alloy 
solidified as components of injection molding in the components list which contacts directly contacts directly, a nozzle, 
etc. are objects. 
[0002] 

[Description of the Prior Art] In recent years, Mg alloy attracts attention from lightweight-izing of the components 

accompanying carrying-izing of various electronic equipment [, such as a demand to lightweight-izing of a 

transportation device, a personal computer, and a telephone, ], such as an automobile, a demand for the electromagnetic 

wave shielding engine performance, etc., and injection molding is improved as the casting method. 

[0003] Generally as for the components which carry out injection molding of the Mg alloy, the steel system ingredient is 

used. Among components, Mg alloy fabricated in the metal mold of injection molding may be burned on the front face 

of a metal mold wall, shortens the mold life, and also worsens the yield of Mg alloy Plastic solid. 

[0004] Although silicone system lubricant is applied to a metal mold wall and printing of Mg alloy is prevented now, it 

is necessary to apply for every one shaping, and complicated. If it is repeatedly used even when printing does not take 

place, it will become impossible to maintain the precision of a metal mold dimension. 

[0005] This is because metal mold is corroded, or it is contacting Mg alloy which Mg alloy of a half-melting condition 
is very activity, and solidified partially in injection molding chemically, wear of metal mold arises and the precision of a 
metal mold dimension cannot be maintained. 

[0006] On the other hand, aiming at improvement in mold releasability of a forging and wear-resistant improvement in a 
metal mold wall is made because the wall surface of the metal mold for powder forging has the film by surface 
treatment, such as nitriding treatment. However, there is no example which has applied these techniques to the injection 
molding die of Mg alloy which attracts attention in recent years. 

[0007] The nozzle which are the other components for injection molding, a cylinder, a screw, etc. will contact Mg alloy 
of a half-melting condition, and the corrosion of components poses a problem. 

[0008] Moreover, in order to make Mg alloy into a half-melting condition, it is necessary to hold the components of 
injection molding, such as a nozzle, a cylinder, and a screw, in the about 600-degree C elevated-temperature condition, 
and the thermal resistance of these components is also required. For this reason, although the components using the hot 
die steel which is the high alloy system which has high thermal resistance and corrosion resistance also in a steel system 
ingredient are also used, similarly printing of Mg alloy cannot be prevented and use of the repeat of components is not 
borne. 
[0009] 

[Problem(s) to be Solved by the Invention] Conventionally, components, such as metal mold used at the time of the 
injection molding of Mg alloy, had the trouble that Mg alloy cannot be burned on the front face, or it could not use 
[ could wear a front face out and ] it for it further. Therefore, the injection molding by use of many repeats was not 
made, but exchange of components was needed for ********. 
[0010] 

[Means for Solving the Problem] what consists of what consisted of diamond-like carbon, titanium, aluminum, 
chromium, or at least one nitride of these alloys similarly carbide or the covering film of the components for 
Magnesium alloy injection molding which similarly consists of carbon nitride is useful. 

[001 1] the thing whose inclusion diamond-like carbon has 70 atom % at least, and is titanium, aluminum, chromium, or 
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at least one metal of these alloys, or aiMclusion - titanium, aluminum, chromium; or at least one nitride of these alloys 
similarly the covering film of carbide and the components for Magnesium alloy injection molding which are similarly 
carbon nitride is useful Furthermore, the covering film of the components for Magnesium alloy injection molding made 
into the multilayer structure which combined said film at least two or more is useful. 
[0012] 

[Embodiment of the Invention] The film which consists of diamond-like carbon which is this invention is amorphous- 
like the carbon or hydrogenation carbon which has diamond structure in a part, and is called amorphous carbon (a-C), i- 
C (eye carbon), DLC (Diamond like Carbon), etc. 

[0013] The Knoop hardness (load 15gf, three-point average) of the film which consists of the above-mentioned 
diamond-like carbon which this invention means is the thing of 1000 to 8000. In case injection molding of the Mg alloy 
is carried out to a degree of hardness being less than 1000, the amount of seizure to the component increases, and 
continuous shaping becomes impossible. 

[0014] On the other hand, if a degree of hardness exceeds 8000, high compressive stress occurs inside the film which 
consists of diamond-like carbon, the film carries out the autoclasis, and the film cannot be formed in components, in 
addition, ion beam vacuum evaporationo (IBP) — although created by the approach of creating usual diamond-like 
carbon, such as law, Knoop hardness is 1000 to 8000. 

[0015] Moreover, although TiNCrN of A1N is hexagonal at a cubic or the nitride of Cr consists of both CrN and Cr2N 
for example, both [ a cubic hexagonal all, and ] CrN and Cr2N show the property same as film of the components of the 
injection molding of Mg alloy. In addition, the good result in which the film which consisted of Ti, aluminum, Cr, or at 
least one carbide of these alloys does not have printing as film of the components of the injection molding of Mg alloy 
is obtained. 

[0016] In the film which consisted of Ti, aluminum, Cr, or at least one carbon nitride of these alloys, the carbon nitride 
of Ti, aluminum, Cr(s), or these alloys shows the property same as film of the components of the injection molding of 
Mg alloy, although a degree of hardness becomes high as compared with those nitrides. That is, by the film constituted 
from Ti, aluminum, Cr, or at least one carbon nitride of these alloys, the good effectiveness that there is no printing is 
acquired as film of the injection molding components of Mg alloy regardless of the ratio (ratio of an atomic number) of 
the carbon (C) and nitrogen (N) in the film. 

[0017] It has at least 70% for diamond-like carbon by atomic %, and the film which made this contain at least one metal 
of Ti, aluminum, and Cr is also effective. Although those structures may be crystalline substances, they may be 
amorphous. Each of Ti, aluminum, and Cr(s) eases membranous internal stress, and contributes to improvement in the 
adhesion force of the film and components. 

[0018] diamond-like carbon - at least one metal of these alloys, Ti, aluminum and Cr, or at least one nitride of these 
alloys — similarly, carbide and when it similarly contains carbon nitride, the property of diamond-like carbon is 
extinguished by atomic % at less than 70%. [ Ti, aluminum, Cr, ] At 70% or more, there are few amounts of seizure of 
Mg alloy to components, and continuous shaping is possible at atomic %. 

[0019] Diamond-like carbon has 70 atom % at least, and it is thought that the covering film of components for 
Magnesium alloy injection molding which exist in the granular field whose inclusion which is titanium, aluminum, 
chromium, or at least one metal of these alloys is the mean particle diameter of 0.1 nm or more is also effective. 
[0020] What combined at least two layers of the above-mentioned covering film does not have printing as film of the 
injection molding components of Mg alloy, and the good thing for which a membranous layer is made into a multilayer 
is not exceptionally difficult on manufacture. 

[0021] A vapor phase synthetic method is used for producing the film of this invention, as a vapor phase synthetic 
method ~ a heat CVD method and ion beam vacuum evaporationo (IBD) - law and vacuum arc discharge vacuum 
evaporationo (VAD) - law and plasma CVD (P-CVD) - law and ion plating (IP) - law and a spatter (SP) ~ law was 
used. 

[0022] A heat CVD method uses each chloride of Ti, aluminum, and Cr or ammonia, nitrogen (N2), hydrogen (H2), 
methane, etc. as a raw material, excites these and makes them react with heat. P-CVD method is used for producing 
diamond-like carbon, uses hydrocarbon gas and H2 as a raw material, is excited and is made to react by RF (radio- 
frequency: RF) or microwave. 

[0023] The IBD method was used for producing diamond-like carbon. It covers with irradiating the ion of hydrocarbon 
gas at components. A vacuum arc heating decarbonizing process, the IP method, and the SP method are evaporated 
under ambient atmospheres, such as N2, a hydrocarbon, or Ar, by using a solid-state as a raw material, and are deposited 
on components. 

[0024] Below, the still more concrete example of this invention is shown. In addition, the components 3 which covered 
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the film are SKD61 steel materials altc^Rher, and these steel materials are steel Wterials of the components of injection 
molding. Examples 1-19 are shown in Table 1. 

[0025] namely, the examples 1-3 - Ti and examples 4 and 5 - in diamond-like carbon and examples 12 and 13, Ti and 
aluminum 14 to 17 uses 18, and aluminum, Cr, and 19 are using [ aluminum and examples 6-8 / each nitride of Cr, and 
examples 9-11] the film 1 of the nitride of each alloy of Ti and Cr. As the above-mentioned film 1 is shown in drawing 
1 , the layer of the film 1 consisted of single phase, and the thickness of the film is 2 micrometers. 



[0026] 
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[0027] The film creating method of each example is further shown in Table 1, and the ratio (ratio of an atomic number) 
of Ti, aluminum, and Cr in examples 12-19 is shown in it. and identification of a nitride — XRD (X- 
RayDiffractorometry) - carrying out — the check of the existence of diamond-like carbon -- Raman -- the spectrum 
performed by detection of sp3 association. 

[0028] Moreover, the trial (pin-on disk trial) in the atmospheric air which suppresses a load to 1 N (IN), suppresses a 
rotational frequency for the pin of Mg alloy by per minute 500 rotation (500rpm) on components 3 front face (namely, 
covering film front face of each example), and is rotate was performed, and after the trial, with the sensing pin-type 
surface roughness plan, the three cross sections of the climax part of the bill of materials side (covering film front face) 
which is printing marks were measured, and it asked for them. This cross section was made into the amount of printing 
in an example. 

[0029] And the amount of seizure in the example when setting the amount of seizure in the components 3 without the 
film to 1 is shown in Table 1. in examples 1-8, and 12-19, it turns out that the amount of printing has the seizing 
resistance which was markedly alike and excelled the thing without the conventional film about in 0.1 to 0.77. 
Moreover, printing was not accepted for examples 9-11. 

[0030] Moreover, in order to check the effectiveness of the covering film when using the covering film of this invention 
for the metal mold as components of injection molding, it experimented in continuous molding. That is, the count of 
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molding in the phase where observed i^Wling visually and printing was seen [ n^raing ] in printing on the metal mold 
front face of Mg alloy after carrying out 10 or 20 times, 5 and was shown in Table 1. in the examples 1-19, five - 20 
molding is possible and it turns out in the conventional components without the film that it has the moldability which 
was markedly alike as compared with having to exchange for every one molding, and was excellent. 
[0031] Next, examples 20-26 are shown in Table 2. That is, in examples 20-22, Ti and examples 23 and 24 use 25 and 
the alloy of Ti and aluminum and 26 are using each film 1 of each carbide of the alloy of Ti and Cr. 
[0032] In addition, as the above-mentioned film 1 is shown in drawin g 1 , the layer of the film 1 consisted of single 
phase, and the thickness of the film is 2 micrometers. Moreover, identification of carbide was performed by XRD like 
the nitride. Measurement of the amount of printing by pin-on disk trial and the count measurement of molding with 
metal mold are the same approaches as examples 1-19. Furthermore, the ratio (ratio of an atomic number) of Ti, 
aluminum, and Cr in examples 23-26 is shown in Table 1. Regardless of the ratio (ratio of an atomic number) of Ti, 
aluminum, and Cr, good effectiveness has been acquired as film for injection molding components covering of Mg 
alloy. 
0033] 
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[0034] Next, examples 27-50 are shown in Table 3. namely, the examples 27-32 - aluminum, and 35-38 use each 
carbon nitride of Cr, and, as for Ti, aluminum, and 43-46, operations 39-42 are using [ aluminum, Cr, and 47-50 / Ti and 
examples 33 and 34 ] the film 1 of the carbon nitride of each alloy of Ti and Cr. 

[0035] In addition, as the above-mentioned film 1 is shown in drawing 1 , the layer of the film 1 consisted of single 
phase, and the thickness of the film is 2 micrometers. Moreover, identification of carbon nitride was performed by XRD 
like the nitride. Measurement of the amount of printing by pin-on disk trial and the count measurement of molding with 
metal mold are the same approaches as examples 1-26. 
[0036] 
[Table 3] 
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[0037] It unites and the ratio (ratio of an atomic number) of C and N and the ratio (ratio of an atomic number) of Ti, 
aluminum, and Cr are shown. Regardless of the ratio (ratio of an atomic number) of C and N, and the ratio (ratio of an 
atomic number) of Ti, aluminum, and Cr, good effectiveness has been acquired as injection molding components 
covering film of Mg alloy. 

[0038] In Table 4, it is the example of the film 1 with which examples 51-53, and 58-60 made each metal of Cr to Ti, 
and, as for aluminum, examples 55-57, and 62-64, examples 54 and 61 made it the inclusion of diamond-like carbon. 
This film 1 is the thing of the single-phase film 1 ( drawing 1 ), and the thickness of that film is 2 micrometers. 
[0039] 
[Table 4] 
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[0040] In Table 5, examples 65, 66, 71, and 72 are 77, and the carbide of Ti and 78 are the nitride of Ti, and the carbide 

of aluminum and the example of the film 1 with which the nitride of Cr and examples 69, 70, 75, and 76 contain the 

nitride of aluminum in 81, and the carbide of Cr, and 79 and 80 made diamond-like carbon contain 82 for examples 67, 

68, 73, and 74. This film 1 is the thing of the single-phase film 1 ( drawing 1 ), and the thickness of that film is 2 

micrometers. 

[0041] 

[Table 5] 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_.cgi_.ejje 



4/6/2004 



THIS PAGE BLANK (uspto 



Page 7 of 9 





■t 














TiC^f 


1 P 


80 




10 






TiC&fr 


1 P 


70 


CttWSfcU 


15 


JMK0J67 






1 P 


80 




20 








1 P 


70 




20 






Aic^r 


1 P 


80 




15 


^»70 




AlC^ff 


1 P 


70 




15 


MkM7i 




Tic^r 


VAD 


80 




20 


£*«72 




Ticker 


VAD 


70 




10 


**«73 






VAD 


80 




20 








VAD 


70 




20 


*ttffl76 






VAD 


80 




15 






AlC«t 


VAD 


70 




10 


**W77 




TOTS* 


VAD 


80 




15 


Mfcff78 






VAD 


70 




15 


MM 79 




CrN^ff 


VAD 


80 




20 






CrN#fr 


VAD 


70 




20 








VAD 


80 


<B8H*4U 


10 


£WJ82 






VAD 


70 




10 



[0042] And the method of creating membranous and atomic % (atom [ of diamond-like carbon (C) ] % to the sum total 
of the atomic number which doubled Ti, aluminum, and Cr, and the atomic number of diamond-like carbon (C)) of 
diamond-like carbon are shown every example 51-82. the check of the existence of diamond-like carbon — Raman — the 
spectrum performed by detection of sp3 association and it asked for atomic % of each inclusion using XPS (X-Ray 
Photoelectron Spectroscopy). 

[0043] Measurement of the amount of printing by pin-on disk trial and measurement of the count of molding in metal 
mold are the same as examples 1-50. it had the seizing resistance which was markedly alike and excelled the 
conventional thing without the film in examples 51-82, and printing was not generated at all as a result, moreover, metal 
mold must be exchanged for every one molding — as compared with the conventional thing, it can be markedly alike, 
and the outstanding count of molding can be obtained. In addition, it becomes a situation equivalent to the components 
which membranous effectiveness does not have atomic % of diamond-like carbon (C) at less than 70%, and do not have 
the film. 

[0044] Table 6 - setting ~ examples 83-88, and 94-99 - the nitride of Ti, examples 89-91, and 93,100- 102 and 104 - 
the alloy of Ti and aluminum - Each film (a) of each nitride of the alloy of aluminum and Cr, examples 83-85, and 94- 
96 an example 92,103 aluminum, example 86- 90, 93, and 97- in Cr and examples 91, 92, 102, and 103, the film (b) of 
each nitride of Ti and examples 84, 85, 95, and 96 have Cr, and the example 93 has [ 101 and 104 ] the film (c) of each 
nitride of Ti. In addition, the film (a), (b), and (c) are the film of a monolayer respectively, the two-layer configuration 
of the film (a) and the film (b) is shown in drawing 2 (1), and drawing 2 (2) shows the example of a configuration of 
considering as three layers, the film (a), the film (b), and the film (c), to it. 
[0045] 
[Table 6] 
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[0046] And examples 83, 86-92, and 94, 97-103 are the examples of the two-layer configuration of the film (a) and the 

film (b), and examples 84, 85, 93, 95, and 96,104 are examples which show 3 lamination of the film (a), the film (b), 

and the film (c), and form the film 2 which is 2-3.2 micrometers of thickness of the whole shown in Table 6. 

[0047] in addition, examples 89-91 and 93,100- 102 and 104 are [ the ratios (ratio of an atomic number) of aluminum 

and Cr of Ti, aluminum, and examples 92 and 103 ] the things of 1:1. TEM (Transmission Electron Microscope) 

observation was carried out to investigation of these multilayer conditions, and identification of a nitride was carried out 

to it by XRD. the thing of examples 83-104 can obtain the count of molding which there are also few amounts of 

printing and was [ was markedly alike and ] excellent as compared with the conventional thing. 

[0048] In addition, although examples 1-8, and 12-19 are the examples of carbon nitride, a nitride and examples 20-26 

carbide and examples 27-50 The film 1, nitride which consist of a configuration which made single phase the thing of 

the situation which a nitride, carbide, or carbon nitride mixed, Although the film 2 which consists of a configuration 

which combined carbide or carbon nitride with the multilayer mutually has not indicated especially data, either, good 

effectiveness is acquired as film for injection molding components covering of Mg alloy. 

[0049] 

[Effect of the Invention] By using the covering film for components, such as metal mold used at the time of the injection 
molding of Mg alloy, a trouble that Mg alloy cannot be burned on components or it cannot use [ can wear a bill-of- 
materials side out and ] it further is solved, therefore the injection molding of a repeat is made. 
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